Abstract Tumor microenvironment (TME) is important in tumor development and may be a target for anti-cancer therapy. The genesis of TME is a dynamic process that is regulated by intrinsic and extrinsic factors and coordinated by multiple genes, cells, and signal pathways. Cancer anaerobic metabolism and various oncogenes may stimulate the genesis of TME. Tumor cells and cancer stem cells actively participate in the genesis of the cancer stem cell niche and tumor neovascularization, important in the initiation of the TME. Various cancer-associated stromal cells, derived niche factors, and tumor-associated macrophages may function as promoters in the genesis of the TME. Dicer1 gene-deleted stromal cells can induce generation of cancer stem cells and initiate tumorigenesis, suggesting that stromal cells also may promote the genesis of the TME. Therefore, the key features of TME include niche-driving oncogenes, cancer anaerobic metabolism, niche-driving cancer stem cells, neovascularization, tumor-associated inflammatory cells, and cancer-associated stromal cells. These features are potential targets for normalization of the malignant TME and effective anti-cancer therapy.
Introduction
Cancers account for the death of more than 10 million people per year globally. However, cancer treatments frequently fail owing to limited understanding of the cancers, and new strategies for the study of malignant tumors are necessary. In the past 3 decades, extensive cancer genetic and epigenetic studies have accumulated much data about cancers. During the past decade, thousands of targets were selected for anti-tumor drug research, but only several new drugs have successfully passed clinical trials to treat malignant tumors. The development of cancer is not just the result of an abnormality of a single gene, signal pathway, or cell type, but usually, multiple genes, signal pathways, cells, and environmental cues are involved. Much cancer research has been devoted to genetic and epigenetic events in cancer cells to understand malignant transformation and develop anticancer drugs. Although progress has been achieved in anticancer therapy, the understanding of tumor initiation, progression, and metastasis is limited.
A malignant tumor microenvironment (TME) or niche is an important factor in tumor growth, progression, metastasis, and drug resistance [1] [2] [3] . The genesis of TME is a dynamic, complex process that involves various intrinsic and extrinsic factors [1, 2] . In the historical "seeds and soil" theory of tumorigenesis, tumor cells were regarded as "seeds" and stoma as "soil" [4] , and a more-recent theory of TME has been developed [5] . However, the initiation and genesis of the TME are poorly understood, and the primary features of the TME have not been well defined. It is unknown how a tumor initiates its own microenvironment; which key genes and cells initiate the genesis of the TME; which key stromal cells and derived niche factors trigger the genesis of the TME; whether stromal cells may initiate the generation of the TME; how tumor cells together with stromal cells initiate and develop a malignant TME; and what the key features of a malignant TME are.
Abnormal cancer cell metabolism and a diversity of oncogenes may stimulate the genesis of TME [6] [7] [8] . In addition, aggressive tumor cells (such as cancer stem cells) are important in the initiation and development of a malignant TME by active participation in tumor neovascularization and generation of a cancer stem cell niche [9] [10] [11] . Although stromal cells are considered a promoter during the genesis of the TME [12] , dysfunction of stromal cells may induce generation of cancer stem cells and malignant tumors [13] . Rapid progress in the study of the TME has changed the approach to cancer research. The purpose of this article is to decipher the microenvironmental dimension of the TME in cancers, to explore possible key factors in the genesis of the malignant TME, and to propose new strategies for targeting the TME to normalize the malignant microenvironment in tumors for effective anti-cancer therapy.
Niche-Driving Oncogenes and Tumor Microenvironment
Generation of the TME is driven by intrinsic and extrinsic factors including multiple genes, signal transduction pathways, and cells [1] [2] [3] . Niche-driving oncogenes may function as key initiators of development of the TME. Gene mutations and epigenetic alterations result in the formation of oncogenes that stimulate tumorigenesis [6] [7] [8] . Oncogenes may activate key intracellular signal transduction pathways and gene transcription to promote over-expression of multiple genes responsible for cell metabolism, proliferation, migration, and immunity, resulting in the initiation and development of the TME (Fig. 1 ). There are 181 oncogenes that have been identified and recorded in a genetic sequence database (GenBank®, National Institutes of Health, Bethesda, MD), including 94 well-characterized oncogenes associated with genetic mutations and others that have shown over-expression owing to abnormal epigenetic alterations. These oncogenes present in a variety of cells, including cancer stem cells (CSC), malignant tumor cells, some of embryonic stem cells, and induced pluripotent stem cells (iPSC), which have potential tumorigenecity as we addressed recently [14] . Oncogenes regulate cell plasma membrane receptors, nonreceptor protein kinases, intracellular signaling proteins, metabolic enzymes, and transcriptional factors [6] [7] [8] . There are 18 niche-driving oncogenes that contribute to the genesis of the TME and tumorigenesis (Table 1 and Fig. 1 ).
Oncogenic Cell Plasma Membrane Receptors
Mutations of several key cell plasma membrane receptors can produce oncogenes (Table 1) . Epithelial growth factor receptor (EGFR) mutants cause a constant activation of EGFR tyrosine kinase, even in the absence of growth factors; the high kinase activity increases multiple signal transduction pathways, including PI3K-AKT, JAK-STAT, Notch, TGF-β1, and VEGF signal transduction, resulting in the over-expression of various growth factors and niche factors responsible for the genesis of the TME and tumorigenesis [15] [16] [17] . Mutations of ERBB2 can cause tumorigenesis and the generation of the TME by protein kinase-mediated activation of ERBB2 down-stream signal pathways [18] . In addition, point mutations of FGFR1 (ASN546LYS and ARG576TRP) result in constitutive high FGFR1 kinase activity in glioblastomas, and FGFR1 chromosome translocations t(8;13)(p11;q11-12), t(8;22)(p11;q11), and t(12;8) (p11 p11p22) result in oncogenic fusion proteins (ZNF198-FGFR1, BCR-FGFR1, and FGFR1-OP2) with a constitutive high FGFR1 kinase activity in lymphoma and leukemia cells [18] [19] [20] . Mutations in KIT (CD117) result in constitutive activation of KIT ligand-independent tyrosine kinase activity in various malignant tumors and the genesis of the TME [21, 22] . Mutants of MET result in constitutively activated MET protein, which causes tumorgenesis in papillary renal cell carcinoma and hepatocellular carcinoma, and ROS1-FIG fusion gene results in a constitutively activated tyrosine kinase in glioblastoma cell lines [23] .
Oncogenic Nonreceptor Protein Kinases
The mutations of nonreceptor protein kinases can result in production of oncogenes responsible for tumorigenesis and genesis of the TME. The BCR-Abl and Abl-NUP24 fusion proteins derived from chromosomal translocation have constant tyrosine kinase activity in the absence of growth factors, and these oncogenic proteins constitutively activate Abl down-stream signal cascades, resulting in leukemia and genesis of the TME [24] [25] [26] .
Oncogenic Intracellular Signal Proteins
Mutations of intracellular signal proteins cause tumorigenesis and genesis of the TME. Both AKT1 mutant (E17K) and over-expression of AKT1 contribute to oncogenesis and genesis of the TME in various cancers [27, 28] . The BRAF mutants (V600E) have an elevated kinase activity that activates various cell surface receptors, increases production of the extracellular matrix, and triggers initiation of the TME [29, 30] . Several SRC mutants (c-SRC position 95, 117, and 527 mutations, v-SRC) display high kinase activity and contribute to the malignant progression of human colon and other cancers [31] .
Oncogenic proteins in the RAS family including k-RAS, h-RAS, and n-RAS are important signal proteins in the genesis of TME. Mutations in several special positions of RAS genes can lead to the constant activation of the RAS signal transduction pathway in various cancers [32] . Activated RAS increases Myc activity that contributes to the generation of the TME [33] . Expression of oncogenic k-RAS mutant (G12D) results in NF-kappa-B activation, essential for tumor cell survival [34] . The RAF1-SRGAP3 fusion protein increases tumor angiogenesis and generation of the TME [35] . The PDGFB-COL1A1 fusion protein derived from chromosome translocation t(17;22)(q22;q13) induces tumorigenesis by activating the PDGFB pathway that contributes to genesis of the TME [36] .
Oncogenic Transcription Factors
Several oncogenic transcription factors, such as c-Myc, FOS-JUN, MYB, and Fra1, play pivotal roles in the generation of the TME and tumorigenesis. Mutations of Myc, caused by genetic alterations including point mutations, abnormal amplification, and chromosome translocation, result in cancers with a distinct TME. In addition, inactivation of tumor suppressor genes such as adenomatous polyposis coli gene (APC) also leads to high constitutive Myc activity. Activated Myc promotes global gene transcription mediated by master transcription factors E2F1, E2F2, and E2F3, and increases cell proliferation, transformation, angiogenesis, abnormal cancer metabolism, the genesis of the TME, and development of cancers [37, 38] . The Myc gene is important in generating tumor stroma and blood vessels, the inflammatory Fig. 1 Activation of multiple signal transduction pathways by nichedriving oncogenes. Niche-driving oncogenes activate key signal transduction pathways at multiple levels, including the cell membrane, cytoplasm, and nucleus. The oncogenes activate transcriptome and secretome in cancer cells and initiate a tumor microenvironment (TME) with distinct features, including cancer aerobic metabolism, cancer stem cell niche, tumor neovascularization, tumor-associated macrophages, cancer-associated stromal cells, and derived niche factors. ( , niche-driving oncogenes; , normal signaling proteins; , key signal pathways; , normal proteins that regulate cell proliferation or apoptosis;
, promotion of signal transduction; , inhibition of signal transduction; and , mutated growth factors activating proto-oncogenes) response, and cancer anaerobic metabolism [39] . Inhibiting endogenous Myc triggers collapse of tumor vasculature and microenvironment, resulting in regression of pancreatic islet tumors stimulated by simian virus 40 (SV40) [40] . Therefore, Myc is important in coordinating diverse intracellular oncogenic pathways and genesis of the malignant TME. In Mutations lead to elevation of the BRAF kinase activity (MAPK/ERK-dependent) in melanoma, colorectal cancer, and lung cancer.
FES (translocation)
The t(15;17)(q24;q21.1) translocation of FES was found in acute promyelocytic leukemia and may be related to neoplasia. SRC (Gln531Ter) A mutation in SRC elevates SRC activity in human colon cancers and functions in the progression of human colon cancer. (3) Signal transducers RAF1/SRGAP3 fusion gene RAF1/SRGAP3 fusion gene contains the entire RAF1 kinase domain and shows higher activity than wild-type RAF1 in astrocytoma. PDGFB/COL1A1 fusion gene
The PDGFB/COL1A1 fusion gene induces tumor formation through the abnormal activation of the PDGFB receptor pathway. (4) Transcription factors HRAS/KRAS/NRAS (Gly12Val, Gln61Lys, (Gly12Cys, Gly13Asp, Gly13Arg, Gln61Arg) Mutation-activating RAS family members, including h-RAS, k-RAS, and n-RAS, were found in various cancers, including lung cancer, gastric cancer, acute myelogenous leukemia, and melanomas. By activating Myc, activated RAS promotes numerous down-stream genes that contribute to tumorigenesis. MYB (the rearrangement of chromosome 6) Reactivation of MYB caused by rearrangement of chromosome could be associated with the progression of melanoma, leukemia, and lymphomas. Myc (amplification, translocation, and PRO57SER) Mutations in Myc gene lead to constitutive Myc activity, which promotes oncogenesis in a variety of cancers by activating the transcription of numerous down-stream genes.
MYCN (amplification)
In neuroblastoma tumors, MYCN amplification promotes a rapid cell division and regulates the expression of FAK, a key tyrosine kinase involved in the survival and metastasis of human tumors. (5) Metabolism GLDC High expression of GLDC drives aerobic glycolysis and tumorigenesis addition to Myc, the MYB chromosome 6 translocation [41] and proto-oncogene Fra-1 remodel the TME and result in genesis and metastasis of tumors [42] .
Tumor Suppressor Genes
Several tumor suppressor genes contribute to genesis of the TME. The loss of PTEN results in a malignant TME by transcriptional reprogramming of stromal cells, downregulation of miR-320, and up-regulation of ETS2 (v-Ets erythroblastosis virus E26 oncogene homolog 2) [43] . Deficiency of p53 gene causes a regenerative microenvironment that strongly induces embryonic rhabdomyosarcoma in mice [44] , and p53 mutations promote genesis of the TME by regulating cancer metabolism. Niche-driving oncogenes in tumor cells interact with each other and integrate with a variety of cell signal proteins. This causes a complex signaling network (Fig. 2 ) that controls intracellular transcriptome and secretome to produce and release various niche factors, including growth factors, cytokines, chemokines, metalloproteinases (MMPs), and ECMs. This results in tumorigenesis and initiation of a malignant TME (Figs. 1 and 2) . Therefore, these niche-driving oncogenes are an important factor in developing the malignant TME.
Abnormal Cancer Metabolism and Tumor Microenvironment
In malignant tumor cells, anaerobic metabolism (Warburg effect) occurs in an oxygen-independent manner, and cancer cells maintain glycolytic phenotype in areas of an adequate oxygen supply [45] . Glycolysis and glutaminolysis are boosted in cancers to meet the high ATP and NADPH demands of tumor cells. At the initial stage of tumorigenesis, a small tumor (< 2 mm) usually does not have a distinct TME, but the tumor has a robust cancer anaerobic metabolism even in a normoxic environment. The anaerobic metabolism generates lactic acid and results in an acidic TME [46] . Lactic acidosis and an acidic environment in the tumor tissue result in over-expression of various genes, including glycine decarboxylase (GLDC) [13] , glucose transporters, SIRT1, COX2, GAC, PDHK1, PFK1, ANT2, and HIF1A. However, acidic environment may cause genetic instability and activation of oncogenes, resulting in expression of hypoxia-induced factor-A (HIF1A). Over-expression of these Fig. 2 Protein-protein interactions among oncogenes result in a molecular network to initiate the genesis of the TME. Protein-protein interaction among oncogenes forms a stable/strong network, as shown by STRING analysis of niche-driving oncogenes. When an oncogene is activated, it sequentially induces the expression of target genes by itself or other nodes in the network. As a result, the activated oncogenic network stimulates the initiation and development of TME by multiple reactions. ( , protein-protein interaction previously reported; the thickness of the blue line is qualitatively proportional to the reliability of the data) cancer-metabolism-related genes, oncogenes, and HIF1A triggers genesis of the TME [13, [47] [48] [49] [50] .
The metabolic enzyme glycine decarboxylase (GLDC) is an oncogenic protein that induces generation of cancer stem cells and tumorigenesis of non-small cell lung cancer [13] . This protein causes an increase in glycolysis and the metabolism of glycine, serine, and pyrimidine, promoting stem cell proliferation in several types of cancers. In addition, IDH1 mutants and HMGCR have potential oncogenic activities [51, 52] . The mTOR up-regulation of PKM2 through HIF1A-mediated transcriptional activation is important for aerobic glycolysis and tumor growth [53] . Oncogenic k-RAS modulates mitochondrial metabolism in human colon cancer cells by activation of HIF1A and HIF2A, which promotes over-expression of hundreds of HIF-target genes including those involved in cancer anaerobic metabolism, tumor angiogenesis, metastasis, and genesis of the malignant TME [53, 54] . Furthermore, over-expression of several cancer metabolic genes in cancer-associated fibroblasts and epithelial cells, including PKM1, PKM2, cathepsin B, MCT4, BNIP3L, TOMM20, MT-CO1, and SDH-B, drives stromal nutrient production and tumor growth [55, 56] . In contrast, loss of caveolin-1 expression in cancer-associated fibroblasts results in the generation of the TME in breast and prostate cancers [8] , and caveolin-1 is a useful marker of oxidative stress, hypoxia, and autophagy in the TME [57] . Therefore, these data suggest that anaerobic metabolism is an important initiator and feature of TME.
Cancer Stem Cells and Tumor Microenvironment
Cancer stem cells (CSCs) are important in tumor initiation, progression, and drug resistance [58] . At the initial stage of tumorigenesis, intrinsic and extrinsic factors cause intracellular genetic mutations and epigenetic alterations, resulting in generation of oncogenes that induce the production of CSCs and tumorigenesis [6] . The CSCs can be produced from precancerous stem cells [59] [60] [61] [62] [63] [64] , cell de-differentiation [65] , or an epithelial-mesenchymal transition [66] [67] [68] . Malignant mesenchymal stem cells have been found in the niche of cancers [66, 67] , and an epithelial-mesenchymal transition may be an early key step in the initiation of TME and tumorigenesis [68] . The CSCs may expand by symmetric division, produce progenitor cells by asymmetric division, and differentiate to multiple lineages of tumor cells, resulting in a rapid increase in tumor mass (Figs. 3 and 4) .
There are several possible ways for CSCs to initiate and stimulate the genesis of TME. First, CSCs actively participate in the development of the CSC niche [11] . Second, CSCs may trans-differentiate into cancer-associated stromal cells [58] [59] [60] [61] [62] [65] [66] [67] [68] [69] , such as cancer-associated fibroblasts and tumor endothelial cells [70, 71] . The CSC-differentiated tumor endothelial cells are important in tumor neovascularization and the genesis of TME [72] [73] [74] [75] . Third, CSCs release various stem cell factors that induce normal stromal cells to become cancer-associated stromal cells, such as cancer-associated fibroblasts (CAFs) [1] and tumor endothelial cells (TEMs) [76] , and to recruit immune cells from bone marrow and blood to the tumor tissue. Normal macrophages are converted into tumor-associated macrophages (TAMs) in the TME [77] . Therefore, CSCs and derived factors work with stromal cells to initiate and develop a malignant TME that facilitates tumor growth, progression, metastasis, and drug resistance (Figs. 3 and 4) . The CSCs have different characteristics than normal cells, suggesting that the CSCs are an important feature of malignant TME.
Tumor Neovascularization and Cancer Stem Cell Niche
The expansion, invasion, and metastasis of malignant tumors is intimately linked to the ability of the tumor to establish an adequate vascular supply [78] . A small tumor (< 2 mm diameter) can grow without blood vessels. When a tumor grows>2 mm, the central zone of the tumor becomes hypoxic and acidic because of the aerobic metabolism of the tumor. For further growing up, tumor cells need blood vessels to supply oxygen and nutrients and to discharge waste metabolic materials [58, 59, 69] . After a tumor generates its own vasculature, the tumor grows rapidly. Preclinical and clinical studies have shown that aggressive and metastatic tumors usually are rich in tumor vasculature [70, 78] . Tumor blood vessels provide the tumor with oxygen, nutrients, cells from outside tissues, a route for metastasis, and an important component of the vascular stem cell niche. Generation of tumor blood vessels is an important initial step for genesis of the TME.
Malignant tumors can generate blood vessels in 6 distinct ways including angiogenesis, vasculogenesis, intussusception, vessel co-option, vasculogenic mimicry, and CSCtumor endothelial cell trans-differentiation [70, 71] . Hypoxia is a stimulator of tumor angiogenesis and genesis of the TME. In addition, tumor cells and CSCs use host tissue as "soil" to expand rapidly and also actively build up their own unique microenvironment.
The mechanisms of tumor cell-dominant vasculogenic mimicry and tumor cell-vascular endothelial cell transdifferentiation are unknown. We recently studied tumor cell-dominant vasculogenic mimicry and examined the vasculogenic capability of 62 human tumor cell lines using an in vitro tumor cell-mediated tube formation system. We found that 25 of 62 tumor cell lines formed capillary tubes in vitro, and most of the aggressive tumor cells actively participated in tumor vascularity in vivo [79] . The vasculogenic human ovarian cancer cell line Hey1B had marked vasculogenic capability. When transplanted in vivo, Hey1B cells induced development of a tumor infiltrated vasculature, with the Hey1B cells directly assembling as an integral component of the newly formed vasculature. In addition, Hey1B cells expressed 18 known vasculogenic and angiogenic genes. Most of these genes are highly expressed at an early stage of embryonic development and are important in the vasculogenesis required to create the immature, primitive vasculature [79] . Furthermore, VE-cadherin plays an essential role in tumor neovascularization, and the VEcadherin-binding protein T2-tryptophanyl tRNA synthetase (T2-TrpRS) effectively inhibits tumor angiogenesis in vivo [80, 81] .
The CSCs are not randomly distributed in tumor tissue, but the cells live in a specific CSC niche. There are 2 types of CSC niches, osteoblast CSC niche and vascular CSC niche, that regulate CSC self-renewal and differentiation [3, 10] . The niches consist of CSCs, stromal cells, and blood vessels. The vascular CSC niche is at the unique location that directly contacts with both local tissue and the circulating blood, and is important in CSC generation, expansion, and the genesis of TME [82] [83] [84] [85] [86] . In normal tissue, the vascular stem cell niche consists of endothelial cells, stem cells, and stromal cells, with few inflammatory cells; the inner layer of blood vessels is lined by endothelial cells covered by pericytes (Fig. 3) . In contrast, the vascular CSC niche is composed of CSCs, endothelial cells, and various cancer-associated stromal cells (Fig. 3) . The blood vessels of the vascular CSC niche had been thought to consist of endothelial cells, but recent data have suggested that tumor cells and CSCs actively participate in generation of the blood vessels in the vascular CSC niche (Fig. 3) . These tumor cells include precancerous stem cells [59] [60] [61] , CSCs [62] [63] [64] , and vasculogenic tumor cells [71] [72] [73] [74] [75] .
Leukemia stemlike cells, precancerous stem cells, and glioma stem cells could form tumor vasculature by tumor vasculogenesis [59-64, 71, 72] . Glioma stem cells contribute to A. Normal stem cell niche B. Cancer stem cell niche [74, 75] .
Based on these data, we propose a new model of vascular CSC niche (Fig. 4) . In this model, vasculogenic CSCs directly form tumor blood vessels, and the tumor cells in the vascular wall can interact with blood cells, plasma factors, and various stromal cells near the vessels. The CSCs on the vascular wall can migrate to the middle of the niche, proliferate, differentiate, and metastasize to other organs using the blood circulation. Therefore, CSCdominant neovascularization and the vascular CSC niche are distinct features of malignant TME. Fig. 4 Genesis of the TME and strategy for normalization of malignant niche. Normal cells (NCs) and normal stem cells (NSCs) can become precancerous stem cells (PreCSCs) and cancer stem cells (CSCs) by genetic mutation, epigenetic alteration, epithelialmesenchymal transition (EMT), and de-differentiation. The CSCs can self-renew and expand by symmetric division, and also undergo asymmetric division to produce various differentiated tumor cells. The tumor cells and stromal cells form a CSC niche, and then recruit bone marrow and blood cells to form a TME. Strategies for normalization of the TME may include targeting niche-driving oncogenes, cancer aerobic metabolism, CSCs, CSC niche, tumor blood vessels, tumorassociated macrophages (TAMs), and cancer-associated stromal cells
Chronic Inflammation and Tumor Microenvironment
Chronic inflammation is important in the development of cancer, and the amount of various inflammatory cells is much greater in tumor tissue than normal tissues. Tumorassociated inflammatory cells, such as tumor-associated macrophages (TAMs) [77, 87] and Tie-2 expressing monocytes [88] , are important in the genesis of TME. During tumor initiation and progression, tumor cells can produce and release chemokines that induce migration of monocytes and macrophages to tumor tissue. Tumor cells may cause TAMs to lose anti-tumor immunologic function and gain tumor assistant functions. The activated TAMs can release various niche factors, such as growth factors, chemokines, and proteolytic enzymes to promote TME formation. Bone marrow-derived monocytes and macrophages contribute to vasculogenesis in multiple myeloma, and bone marrow macrophages from multiple myeloma patients can form a capillarylike network and contribute to the malignancy of multiple myeloma [89, 90] . In addition, Tie2-expressing monocytes have nonredundant function to promote tumor angiogenesis and genesis of TME in mice [88] . Therefore, these tumor-associated inflammatory cells in TME, such as TAMs and Tie2-expressing monocytes, have distinct features and contribute to the development of the TME.
Tumor-Associated Stromal Cells and Tumor Microenvironment
The TME consists of 2 discrete but interactive compartments: tumor cells and stroma [1] [2] [3] . The stroma is a mixture of nonmalignant cells and stromal elements, including vascular endothelial cells, fibroblasts, mesenchymal cells, inflammatory cells, and extracellular macromolecules such as collagen, fibronectin, laminin, fibrin, proteoglycans, and hyaluronan [91] . During the development of TME, the tumor cells and CSCs are important as "seeds"; however, tumor cells alone are not enough to develop a malignant TME without the stroma as "soil" to provide a favorable environment. Tumor-associated stromal cells, such as CAFs, TAMs, and TECs, trigger the genesis of the TME [1-3, 76, 77] . The CAFs can release growth factors, cytokines, and chemokines, and are important tumorassociated stromal cells in the genesis of the TME [1] . The TAMs contribute to the generation of the TME [77] , and TECs also are important in tumor neovascularization and the formation of the vascular stem cell niche [76] .
Tumor-associated stromal cells can interact with tumor cells to facilitate the development of TME. The cells release various niche factors, including growth factors, cytokines, chemokines, MMPs, ECMs, and cell adhesion molecules to promote the genesis of the TME [91] . Various growth factors promote TME formation, including AREG, BDNF, CTGF, CSF2, CSF3, EGF, FGF1, HGF, IGF1, LEF, VEGF, PDGF, SDF-1, SDF4, SCF, TCF, TF, and TGFβ1. Various cytokines increase generation of the TME, including IL-1, IL-10, IL-12, IL-15, IL-21, IL-3, IL-6, IL-7, IL-17, IL-8, interferons, and TNFs [60, 62] . The C-C motif chemokines and their receptors trigger the formation of TME in cancers, including CCL2/MCP-1, CCL8/MCP-2, CCL7/ MCP-3, CCL21, CCL22, CCL25, CCR1, CCR2, CCR5, CCR9, CX3CL1, CX3CR1, CXCL10, CXCL12, CXCR3, and CXCR4. Various MMPs, including MMP2, MMP3, MMP9, MMP10, MMP13, MMP14, MMP15, and ADAM1, are essential for the genesis of the TME. The ECM proteins, such as collagen, elastin, fibronectin, and laminin, are essential for the TME. Cell adhesion molecules, such as cadherins, catenins, and integrins, are critical for the formation of the TME. Collectively, these proteins and factors promote genesis of the TME and nurture tumor growth and metastasis.
Although stromal elements, including stromal cells and derived factors, are important in the genesis of the TME, the microenvironment may be a required, but not sufficient "facilitator or promoter" for malignant transformation [1] [2] [3] . However, stromal cells with genetic and epigenetic abnormalities primarily induce the generation of CSCs and the development of malignant tumors [13] . Targeted deletion of Dicer1, the "landscape-modifying" miRNAprocessing endonuclease in osteoprogenitor cells, causes a myelodysplastic syndrome (MDS) in knockout mice, and the Dicer1-deleted mice develop acute myelogenous leukemia [13, 92] . These abnormalities are dependent on the type of stromal cells in the microenvironment, because MDS was not observed when Dicer1 was deleted from mature osteoblasts. Therefore, the phenotypic changes were microenvironmentdependent, and the dysfunction of stromal cells can initiate neoplastic disease and microenvironment abnormality because stromal cell malfunction can stimulate oncogenesis. Thus, cancer-associated stromal cells may be a key factor of malignant TME.
Normalization of Tumor Microenvironment for Anti-cancer Therapy
At the early stage of tumorigenesis, tumor cells initiate and develop a favorable tumor microenvironment by using intrinsic and extrinsic tumorigenic factors to overcome antitumorigenic factors [93] . In traditional Chinese medicine, diseases including cancers are described as having been induced by loss of the balance between yin and yang [94] . Evaluating the TME in cancers shows 6 features that may result in the imbalance of yin and yang in TME. The yin represents the TME-stimulating and promoting forces, and yang represents the TME-inhibiting forces. In tumor tissues, the yin is escalated but the yang is diminished. The imbalance of yin and yang results in genesis of malignant the TME and tumorigenesis [93, 94] . Therefore, blocking of yin and increase in yang to improve yin-yang balance may result in the reversal of the malignant TME. We propose to target the 6 distinct features in the TME to normalize the malignant TME for effective anti-cancer therapy (Fig. 4) .
Targeting Niche-Driving Oncogenes
There are 18 oncogenes that contribute to the initiation of TME and tumorigenesis (Table 1) . However, the understanding of the mechanism of malignant TME generation by niche-driving oncogenes is limited. Further research may identify the new oncogenes responsible for genesis of the TME and elucidate the mechanisms of oncogene-drived formation of TME. We may target key oncogenes for the normalization of malignant TME by zinc finger protein (ZFP) technology or specific inhibitory therapeutics.
Correction of Abnormal Cancer Metabolism
Malignant tumor cells take up much more glucose than normal cells and use aerobic glycolysis to produce ATP for syntheses of proteins, DNA, and fatty acids. Furthermore, tumor cells produce large quantities of secreted lactate, which causes an acidic environment to stimulate reprogramming gene expression and the genesis of TME [8, [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] . Key genes responsible for abnormal cancer metabolism, such as DGLC and several other aerobic metabolic enzymes, can be targeted using their pharmacological inhibitors in glucose, glutamine, and fatty acid metabolic pathways. Correction of the abnormal cancer metabolism may provide a new approach for the normalization of malignant TME.
Targeting Cancer Stem Cells in the Tumor Microenvironment
The CSCs are important in the initiation of the TME and generation of malignant tumors, and these cells are potential targets in attempts to normalize the TME. Several options potentially may target CSCs in the TME. First, precancerous cells are reversible and may be induced to regress to normal cells, depending on the environmental cue [59] [60] [61] . Second, oncogenic mesenchymal stem cells could be reversed to normal epithelial cells using the approach of mesenchymalepithelial transition, because epithelial-mesenchymal transition may be reversible [65] [66] [67] [68] . Furthermore, differentiation of CSCs and inhibition of the proliferation of these cells by changes in environmental cues may be additional options to normalize malignant TME.
Targeting Cancer Stem Cell Niche and Disorganized Tumor Vasculature
The CSCs live in a favorable CSC niche that supports stem cell proliferation and differentiation and protects stem cells from being killed by cytotoxic drugs. Therefore, disruption of the CSC niche, or inhibition of CSC niche formation, may result in correction of malignant the TME. Options include elimination or suppression of the CSCs in the niche; blocking the interaction between the CSCs and stromal cells; impeding the generation of the niche factors by both tumor and stromal cells; and using new approaches to hinder tumor neovascularization and to normalize the disorganized tumor blood vessels as we have recently addressed [95] . Solid tumors require blood vessels for generation of the CSC niche, growth, and metastasis; therefore, the tumor vasculature has been targeted using anti-angiogenic drugs to decrease the tumor vascular supply, but the success of antiangiogenesis at the early stage is limited by insufficient efficacy and development of drug resistance [96] [97] [98] . Normalization of the vascular abnormalities is a complementary therapeutic approach for cancer [99] [100] [101] . Furthermore, new approaches to normalize the disorganized tumor blood vessels may be considered, by targeting vasculogenic genes and cancer cells, combining anti-angiogenic therapeutics with vascular normalization drugs, and integrating Western medicine and traditional Chinese medicine [95] . The correction of the disorganized tumor vasculature may limit the genesis of the TME and may normalize the malignant TME.
Targeting Cancer-Associated Stromal Cells and Tumor-Associated Inflammatory Cells During tumor development, the microenvironment promotes the genesis of cancer-associated stromal cells. Targeting these cancer-associated stromal cells, such as CAFs and malignant mesenchymal stem cells, may normalize the TME. Epithelial-mesenchymal transition is reversible, and the TME potentially may be normalized in various epithelial cancers by inducing the reversal of malignant mesenchymal stem cells to normal epithelial cells by mesenchymal-epithelial transition. Targeting TAMs and other tumor-associated inflammatory cells in the TME may result in the inhibition of the malignant TME.
Combination Therapy
The TME consists of cancer cells and various nonmalignant stromal cells, and the genesis of TME is a dynamic process that involves multiple genes, cells, and both intrinsic and extrinsic factors. Therefore, targeting a single gene, cell type, or signal pathway may yield low efficacy in anticancer therapy. Instead, targeting multiple key nichedriving and promoting genes, cells, signal pathways, stromal cells, and derived niche factors in the TME may cause a synergistic effect in the normalization of malignant TME, and may enable the development of novel anti-tumor drugs for effective anti-cancer therapy.
